S-2
Preparation of the precursor gel for hydrothermal synthesis of CoFe2O4 nanoparticles
Initially, the aqueous solutions displayed in Table S 1 were prepared by dissolving the indicated mass of reagent in deionized water and toping up the solutions until reaching the corresponding volumes. All used chemicals were reagent grade from Sigma Aldrich® (purity ≥ 98%). Stoichiometric amounts of the nitrate solutions were mixed, i.e., Co:Fe ratio = 1:2. More specifically, 33 mL of the 2.5 M Fe(NO3)3•9H2O solution were mixed with 13.75 mL of the 3 M Co(NO3)2•6H2O solution, leading to a total concentration of metallic cations of 2.65 M. Then, strong base was added in slight excess to the nitrates mixture in order to precipitate the metallic cations. A slight excess was used in order to ensure the total precipitation of the metallic species. In particular, 27.5 mL of 16 M NaOH were added to the nitrates mixture, matching a NO3 -:OH -molar ratio of 1:1.33. The final metal concentration of the precursor gel after the addition of the base was 1.67 M.
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In situ powder X-ray diffraction data Raw data
Representative examples of the 2D-data collected in situ at different stages of a reduction experiment are presented in Figure S 1. Initially (a), only pure spinel is found. The diffraction rings at 2θ = 5.6° and 8.0° (i.e., q = 3.0 and 4.2 Å -1 ) are highlighted in brown. On the diffraction data collected after 7 min of heating (b), new diffraction rings are visible. These rings are highlighted in orange and they correspond to the monoxide phase. It is not straightforward distinguishing these new rings, as they come are very close to the preexisting rings. However, it is obvious when the data are integrated into 1D-scans. After 15 min (c), the bcc Co-Fe metallic alloy has started forming, and it is highlighted in turquoise in the figure. At this stage of the process, the alloy coexists with the two oxide phases, while at the end of the experiment (d), the metallic phase is the only one present. 
Data integration
Figure S 2(a) shows a raw image collected in situ during a reduction experiment. Prior to azimuthal integration, defective regions of the 2D-data were masked. As shown in Figure S 2(b) , the shadow from the beamstop, the outer edge of the detector, and a vertical line of dead pixels on the detector were covered, among others. The exact same mask was used to integrate the complete dataset collected for each time-resolved reduction experiment. Finally, the masked 2D-image was integrated using the same integration parameters previously calculated for the LaB6 standard, i.e., detector distance, tilt, and beam center. 
Sequential Rietveld refinements

Description of the phases
As stated in the article, all phases were assumed to have a 1:2 Co:Fe stoichiometry for the Rietveld models of the in situ diffraction data. Therefore, the Co represented a 33.3% of the metal content on each phase, while the remaining 66.7% corresponded to Fe. Table S 2, Table S 3, and Table S 4 display the phase description of the spinel, the monoxide, and the alloy, respectively. The oxygen atom occupies a general position (refinable) in the spinel structure, which in this case was fixed at (0.246, 0.246, 0.246). The rest of the atoms occupied special (non-refinable) positions. The overall B-factor was fixed at 1.0 for all phases. 
Refined parameters and agreement factors
A pattern where all three phases are present and well visible was chosen to build an initial model. In that first model, the scale factor, the unit cell parameter, a, and the Lorentzian isotropic size, Y, were refined for each phase. Then, the model was sequentially run towards longer reduction times until the amount of CoFe2O4 and Co0.33Fe0.67O had decreased so much that the corresponding diffraction peaks were hardly visible. From this point, the position and broadening of those peaks were not refined any longer (i.e., a and Y were fixed) while the scale factor for both oxides was still allowed to change, in order to describe the complete disappearance of these two phases from the system.
The initial 3-phases model was likewise run towards shorter times, fixing the pertinent parameters for Co0.33Fe0.67O and Co0.67Fe1.33 when they were still present but close to disappearance. The background was described using a Chebyshev polynomial of 6 refinable coefficients. Agreement factors obtained for the four PXRD patterns shown in Figure  3 in the article are displayed in Table S 5. The R-factors in grey color are not meaningful, because the phases they refer to are absent or hardly visible in the corresponding diffraction pattern (see Figure 3 in the article). Table S 5. Agreement factors for the Rietveld refinements of selected frames of the in situ experiment carried out at 400 °C and 10 mL/min. These frames coincide with those plotted in Figure 3 in the article. 
Joint Rietveld refinements of the ex situ X-ray and neutron powder diffraction data
A joint Rietveld model was built based on all the powder patterns available for each sample, giving equal weight to all patterns, and with the constraints and considerations described below. Only one phase was present in the starting material, i.e., pure magnetic spinel. Both the nuclear and the magnetic contribution from this phase to the diffraction signal were included in the model. Figure S 3 shows the PXRD and NPD diffraction data collected for this sample, along with the corresponding Rietveld models. The magnetic contribution is only present for the NPD data, while the nuclear part contributes to both patterns. 
Starting CoFe2O4 material
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The spinel structure has three available crystallographic sites, one occupied by oxygen anions and two other occupied by metallic cations (i.e., Co 2+ and Fe 3+ ). Depending on the site they occupy, the metallic cations are either tetrahedrally (Td) or octahedrally (Oh) coordinated to four or six oxygen atoms, respectively. 1 All the crystallographic sites were always considered fully occupied in the model, but the distribution of the metallic cations among the available metallic sites was refined. This led to refined Co:Fe ratios different from the 1:2 value expected for an ideal Co-spinel.
The atomic coordinates of the cations remained fixed, as they occupy symmetry-restricted special positions, while the position of the oxygen atom was refined. An overall B-factor was refined for the spinel phase.
The magnetic spins of the atoms have opposite directions depending on whether they occupy one or the other crystallographic site. 2 The average atomic moment on each site is highly correlated to the elemental occupation of the specific site. As this work is more focused on the chemical details of the transformation during reduction than on the effect on the magnetic properties, the atomic moment at the Td-and Oh-sites were considered equal in magnitude in the Rietveld model. Thus, the refined magnetic moments for the two sites had opposite sign but the same absolute value.
Unit cell parameter, crystallite size, site occupancies, atomic positions, and overall B-factor were constrained to have the same value for the spinel phase, regardless of the contribution or the pattern. However, a different background and zero-point correction were refined for each pattern. The wavelength of the neutrons beam was also refined.
Nanocomposites
Table S 8 reviews the diffraction patterns measured for each one of the three partially-reduced samples. Table S 9 summarizes the contributions included in the joint Rietveld models built for the nanocomposites. Three different phases were found in all three partially-reduced samples, i.e., the spinel, the monoxide, and the bcc alloy. Besides nuclear contributions from all three samples, magnetic contributions from both the spinel and the alloy were included in the model. The magnetic contribution of the monoxide was not considered because the data were measured at room temperature, i.e., above the ordering temperature of this phase (TNéel (FeO) = 198 K, TNéel (CoO) = 291 K). 3 The composition of each sample was constrained to be the same regardless of the pattern. Additionally, the site occupancies of the different phases were constrained so that the total Co:Fe ratio of the whole sample was equal to the Co:Fe ratio refined for the starting CoFe2O4 material, i.e., Co:Fe = 0.90(2):2.10(2).
Unit cell parameters, crystallite sizes, site occupancies, and atomic positions were constrained to have the same value for each particular phase, regardless of contribution or pattern, while a different background and zero-point correction were refined for each pattern. The wavelengths of the neutrons beams were also refined.
The B-factors were also constrained to have the same value for each particular phase, regardless of contribution or pattern. However, the value was only refined for the spinel phase, and fixed to 1.0 for the other two phases. Figure S  4 shows PXRD and NPD data collected for the 350 °C sample. The contribution from the monoxide phase to the each of the patterns is represented in orange. The monoxide peaks are relatively broader than others are, and all of them are overlapping with other peaks. Consequently, the data does not allow a reliable refinement of a B-factor for the monoxide.
The attenuation of the structure factor due to atomic displacements (Debye-Waller factor) increases with scattering angle. 4 This attenuation is not easily discriminated from the decay with scattering of the gyromagnetic factor (i.e., the atomic magnetic form-factor). Furthermore, the magnetic contribution from the alloy has a rather low intensity (see pink line in Figure S 4(b) ). Therefore, the B-factor was not refined for this phase either. 
Atomic scattering factors and dispersion corrections
When the wavelength (energy) of the incident radiation is close to an absorption edge of any of the atoms in the crystal lattice, both absorption and scattering may occur simultaneously. When that is the case, the scattering power of an electron is extended to the complex form:
where 0 is the atomic scattering factor remote from resonant energy levels, and Δ ′ and Δ ′′ are, respectively, the real and the imaginary corrections for resonant scattering, also known as the X-ray dispersion corrections. 5 
Δ
′ and Δ ′′ can be calculated using the relativistic dipole approach by Cromer and Liberman. 6 The calculated values for 
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The In the case of Cu 1 radiation both atoms have very similar scattering power, which makes them undistinguishable at this wavelength. However, there is a greater contrast when using Co 1 , which could potentially be enough to tell both atoms apart, as long as the quality of the diffraction data is sufficient and the pertinent constrains are made. 
Calculation of magnetic parameters Sample demagnetization correction
There is a self-demagnetizing effect inherent to any magnetized body. The effective field acting on the sample is calculated as:
where Nd is the demagnetizing factor along the direction of .
The demagnetizing factor changes with the degree of orientation of the particles, the sample geometry and the direction of the applied field during the measurement. An effective demagnetizing field, Neff, can be easily calculated for some very specific cases (i.e., single-crystals or fully-dense powder samples of simple shapes).
3
A Neff = 1/3 is calculated for a system of non-interacting, randomly oriented spherical particles, 11 which is often considered a good approximation of samples such as the studied here. However, a highly over-skewed hysteresis is obtained for the 450 °C sample if Neff = 1/3 is used, while the curves appear under-corrected for the rest of the samples (see Figure S 6(b) ). On the other hand, neglecting the demagnetizing effect (Neff = 0) gave rise to unphysically low Mr/Ms values (see Table S 11) .
Consequently, a different approach was required here. The demagnetizing factors, Nm, used to correct the curves presented in the article (Figure 8(a) ) were calculated using the formula derived by Chen et al. for cylindrical samples, 12 which only considers the effect of the sample shape. The volume magnetization, required to calculate the Hd, was calculated using the measured density (see Table S 12) , rather than the theoretical density, as it is done when calculating an effective demagnetizing factor, Neff. S-12 Table S 11. Remanent magnetization, Mr, and remanence to saturation ratio, Mr/Ms, extracted from the measured magnetic hysteresis when the curve is not corrected (Neff = 0), when it is corrected either using Neff = 1/3, and when it is corrected for shape demagnetization. 12 Saturation magnetization, Ms, and coercivity, Hc, are unaffected by this correction. 
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Calculation of the total sample magnetization
The magnetic moment per formula unit (f.u.), , is calculated from the atomic magnetic moments refined for the individual sites in the Rietveld model.
In the spinel, the spins on the Td-and Oh-sites point in opposite directions, and the number of Oh-sites doubles the number of Td-sites. Therefore, the magnetic moment per spinel unit, spinel , is calculated as: spinel = Td + 2 Oh (S 8)
All spins point in the same direction in the alloy structure. Therefore, the magnetic moment per alloy unit, alloy , is simply the sum of the individual atomic magnetic moments: alloy = site1 + site2 (S 9)
In the joint Rietveld models carried out in this work, the hypothesis site1 = site2 was assumed for the alloy. This is only a simplification, as each of the sites are differently occupied by Co 0 and Fe 0 , which certainly has an influence on the atomic magnetic moment of the individual sites. However, this approximation was a requirement to avoid high correlations between the refined atomic magnetic moments and the refined site occupancies. The refined atomic magnetic moments and the calculated magnetic moments per f.u. for both phases and all may be found in Table S 13. The units of the refined magnetic moments are Bohr magnetons per formula unit, i.e., MB f. u. ⁄ . In order to compare these to the measured values (VSM), they were converted to SI units: 
